The main objective of this study was to compare the rutting resistance of asphalt pavements with different asphalt mixtures used in the middle and bottom asphalt layers. The uniaxial compression test, uniaxial repeated load creep test and the rutting depth simulation were conducted. The results showed that the modified asphalt pavement structure (SBS and PR composite modified AC-20 mixture was used in the middle asphalt layer and BRA modified Superpave-25 mixture was used in the bottom asphalt layer) had the smallest rutting depth. Compared to the control pavement structure (the middle asphalt layer was AC-20 mixtures using Pen 70 asphalt and the bottom asphalt layer was Superpave-25 using Pen 70 asphalt), the rutting depth of the modified asphalt pavement structure could be reduced by 14.5%. The middle asphalt layer indicated the largest percentage in the sum of permanent deformation, the bottom asphalt layer followed it and the last was the upper asphalt layer, which might be resulted from the different shear stresses in different asphalt layers.
INTRODUCTION
Rutting is one of main distresses of asphalt pavements [1] . Rutted pavements present significant safety concerns (hydroplaning and vehicle dynamics) and severe rutting can lead to major structural failures [2] [3] [4] . Among the different layers contribution to rutting, cumulative permanent deformation in surface is known to be responsible for major rut depth of pavement surface [5] . Most research and investigation have shown that the middle HMA surface layer has the greatest contribution to the total rutting in the asphalt pavement with semi-rigid base. So the layer thickness and material properties of the middle surface layer have the greater effect on the rutting development [2, [6] [7] [8] [9] [10] . However limited experimental studies have been conducted for evaluating the effect of various asphalt mixtures used in surface layers on the rutting resistance of pavement. The main objective of this study is to compare the rutting resistance of asphalt pavements with six combinations of asphalt mixtures used in middle asphalt layer and bottom asphalt layer, and SMA-13 was used in the upper asphalt layer, shown in Table 1 . The properties of coarse and fine aggregates used in this study as per Chinese specifications [11] are shown in Table 2 and Table 3 . Table  4 . The results met specifications for modified asphalt binders [11] . Ductility（10 ℃）/cm >100 -51.3 -
Other materials used
The mineral filler used was limestone powder which was passed through the #200 sieve. PR is black solid particles of about 5 mm size. The melting point of BRA is 140℃~150℃，and the density is 0.932 g/cm 3 . BRA is from Buton land in Indonesia and has a dark brown appearance. It consists of about 25% pure asphalt and 75% Buton rock powder.
Mix design
According to the specifications for construction of highway asphalt pavements of China [11] , the gradation curves of SMA-13， AC-20 and Superpave-25 were designed, shown in FIG.1. Based on the design air voids of 4%, the optimum asphalt binder contents of three kinds of asphalt mixtures were determined to be 5.9%, 4.2%, and 3.9%, respectively. Three AC mixtures used the same gradations, and two Superpave mixtures also employed the same gradations. 
EXPERIMENTS AND CALCULATION PROGRAM 3.1 Experiments and results
The uniaxial compression test and uniaxial repeated load creep test were conducted to get the compressive modulus, Poisson's ratios and creep parameters. The uniaxial compression test was employed according to China Standard test method T0713-2000 and the uniaxial repeated load creep test was employed in the light of China Standard test method T0728-2000 [12] .
The results of the uniaxial compression test and uniaxial repeated load creep test at 20℃ are shown in Table 5 
Transient temperature field model
In fact, the temperature of asphalt pavement is continuously changing in high-temperature season. So the actual temperature field should be considered when the pavement rutting is analyzed, only in this way can the law of rutting be simulated more actually. The temperature field analysis documents can be exported after analyzing the transient temperature field. Then import the documents, the temperature field and the material parameters into the rutting simulating model, in this way, the rutting data can be gotten through the FE method. What's more, the temperature data come from local weather stations and ranged from 20℃ to 60℃.
Some thermal parameters used in models were given in the literature [13] . Temperature field simulation model shown in Fig.5 , the lane width was set to 3.75m and the vertical height was set to 3m.
It can be known from the Fig.5 that under the solar radiation, the pavement temperature got higher and then decreased gradually from the top to the bottom. The temperature in the middle surface layer and the bottom surface layer was higher, so the influence of rutting to these layers was more significant.
Pavement rutting calculation
Stress and time dependency were accounted for using a creep rate model from the ABAQUS material model library. The creep rate is represented In equation form as
Based on the results of the uniaxial repeated loading creep test, the parameters（A, n and m）can be obtained as the input parameters in the FE model. Due to limited space, only the parameters at 30℃ were given, shown in Table 6 . 
RESULTS OF CALCULATIONS AND ANALYSIS 4.1 Analysis of rutting depth of pavement
The results of the rutting depth of these pavement structures are shown in FIG.6 . From FIG.6 , compared to the control pavement structure (combination 1), the rutting depth of the modified asphalt pavement structure (combination 6) can be reduced by 14.5%.
In comparison with combination 1, the permanent deformation of combination 3 decreased 4.7%. The permanent deformation of combination 2 was 5.1% bigger than combination 4，it indicates that the high-temperature performance of AC-20 modified by SBS was improved. Compared to combination 3, the permanent deformation of combination 5 decreased 4.4%; the permanent deformation of combination 6 was 3.8% smaller than combination 4, it showed that in contrast with AC-20 modified by SBS, the rutting resistance of AC-20 modified by SBS and PR was improved.
To make the calculation to be convenient, this study use 500 thousands load times. It can be seen in Fig.8 that the rutting of asphalt layer mainly occurred in the middle surface layer, the bottom layer took the second place, and the upper surface layer only took a small proportion. Since the middle surface layer took the biggest proportion of the rutting, so we should pay more attention to improve the anti-rutting performance.
The calculation results of shear stress of each asphalt layer are shown in Fig.9 . From Fig.9 , it can be seen the bigger shear stresses occurred in the middle surface layer. In general, the greater the shear stress was, the easier the asphalt mixture caused flow deformation. As a result, the rutting depth was larger.
CONCLUSIONS
(1) The modified asphalt pavement structure had the smallest rutting depth. Compared to the control pavement structure, the rutting depth of the modified asphalt pavement structure can be reduced by 14.5%.
(2)The middle asphalt layer indicated the largest percentage in the sum of permanent deformation, the bottom asphalt layer followed it and the last was the upper asphalt layer.
(3)The different shear stresses of different asphalt layers might be the reason why the different asphalt layers occupied different proportion of the permanent deformation.
